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ABSTRACT 

We present a study of a large, statistically complete saniple of star-forming dwarf galaxies using 
mid-infrared observations from the Spitzer Space Telescope. The relationships between metallicity, 
star formation rate (SFR) and mid-infrared color in these systems show that the galaxies span a 
wide range of properties. However, the galaxies do show a deficit of 8.0 /im polycyclic aromatic 
hydrocarbon emission as is apparent from the median 8.0 fim luminosity which is only 0.004 Lg q 
while the median _B-band luminosity is 0.05 Lg. Despite many of the galaxies being 8.0 /im deficient, 
there is about a factor of 4 more extremely red galaxies in the [3.6] — [8.0] color than for a sample 
of normal galaxies with similar optical colors. We show correlations between the [3.6] — [8.0] color 
and luminosity, metallicity, and to a lesser extent SFRs that were not evident in the original, smaller 
sample studied previously. The luminosity-metallicity relation has a flatter slope for dwarf galaxies as 
has been indicated by previous work. We also show a relationship between the 8.0 /im luminosity and 
the metallicity of the galaxy which is not expected given the competing effects (stellar mass, stellar 
population age, and the hardness of the radiation field) that influence the 8.0 fim emission. This 
larger sample plus a well-deflned selection function also allows us to compute the 8.0 fim luminosity 
function and compare it with the one for the local galaxy population. Our results show that below 
10^ Lq, nearly all the 8.0 //m luminosity density of the local universe arises from dwarf galaxies that 
exhibit strong Ha emission - i.e., 8.0 /im and Ha selection identify similar galaxy populations despite 
the deficit of 8.0 /im emission observed in these dwarfs. 

Subject headings: galaxies: dwarf - galaxies: fundamental parameters - galaxies: ISM - infrared: 
galaxies 



1. INTRODUCTION 

It has become clear that the mid-infrared proper- 
ties of galaxies are dependent on metall icity (e.g., 
Engelbrac ht et al.|[2 005: W u et al.l l2006: Rose nberg et alj 
2006, 2008; Hunt et al| l2006t iMadden et al.l l200a 
O'Halloran et al. 2006). The infrared emission, par- 
ticularly from polycyclic aromatic hydrocarbon (PAH) 
grains , is usually d riven by the radiation from young 
stars (jTielensI 120081 and references therein). However, 
the strength of PAH emission is altered and may begin 
to break down for lower metallicity systems. In the most 
extreme cases of SBS 0335-052 and I Zw 18, two of the 
lowest metallicity g alaxies known, there is no evidenc e 
for PAH emission (jHouck et al.l [200l iWu et al.l 120071 ). 
However these two sources show dramatically different 
mid-infrared spectral energy distributions (SEDs) that 
indicate the presence of a cold dust (T < 30K) compo- 
nent in I Zw 18 but not in SBS 0335-052. While metallic- 
ity may influence the strength of the PAH features, these 
galaxies indicate that it is not the key to understanding 
the mid-infrared slope in the lowest metallicity systems. 
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The correlation between the PAH emission from galax- 
ies and metallicity has been attributed to the harder 
radiation field in lower metallicity syste ms causing the 
break-down of t he PAH molecule s (Mad den et al.l [20061 : 
IWu et all 120061 lO'Halloran et al.l .2006) and to the de- 
layed injection of PAH molecules into the interstellar 
medi um due to the youth of the stellar populations 
(Galli ano et al.|[2008D . Alternatively, the shape of the 
mid-infrared continuum in galaxies, which is usually at- 
tributed to the temperature of the dust and the star for- 
mation rate (SFR) in the galaxy, does not seem to be 
dependent on the metallicity of the system. 

In this paper we continue the exploration of the re- 
lationship between the mid-infrared properties of galax- 
ies and their metallicity, lu minosity, and SFR . We b uild 
on the work presented by iRosenberg et al.l (|2006D for 
19 galaxies by discussing the mid-infrared properties of 
much larger samples of 86 galaxies presented in §3.1. We 
examine the relationship between colors (§3.2), metallic- 
ity (§3.3), and SFR (§3.4) and the properties of galaxies. 
In §3.5, we use this expanded sample to compute the 8.0 
/xm luminosity function for the star-forming dwarf galax- 
ies and compare it w ith that for local galaxies as a whole 
(|Huang et al.ll2007[ ). We also use the 8.0 /im luminosity 
density as a measure of the star formation rate density 
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(SFRD) and compare it with the value derived from the 
Ha luminosity density. 

Distances throughout this paper are based on Hq — 70 
km s~i Mpc"^ AU magnitudes discussed in this paper 
are Vega relative magnitudes. 



2. OBSERVATIONS AND DATA REDUCTION 

The galaxies in this sample are selected from 
the KPNO Inter national Spectroscopic Survey (KISS, 
iSalzer et a l. 2000V the first fully digital objective prism 
survey for extragalactic emission-line objects. The galax- 
ies represent a star- forming dwarf {Mb > —18) galaxy 
sub-sample of the KISS galaxies selected by their Ha 
emission lines. The sample consists of all 60 KISS- 
selected dwarf galaxi es in the 1.3° wid e strip centered 
on (5(B1950)=29°30' (jSalzer et all 1200 It ) with velocities 
less than 9000 kms~^. We combine these data with 26 
star-forming dwarf galaxies within the Bootes field where 
no velocity limit has been imposed, 16 of which have ve- 
locities greater than 9000 kms~^. The Bootes field is a 

8.5 deg^ region that has been observed both as a part 
of KISS s urvey and the NOAO De ep Wide-Field Survey 
(NDWFS; iJannuzi and"Devl [l999l) . There are 19 galax- 
ies in thi s field that overlap wit h Spitzer Shallow Sur- 
vey area (jEisenhardt et all 120041) . The inclusion of the 
higher velocity sample increases the number of redder, 
more luminous sources but it does not change the range 
of parameter space sampled as we show in the next sec- 
tion. The KISS data for the full sample are presented in 
Table 1. 

Observations of 67 star-forming dwarf galaxies at 3.6, 
4.5, 5.8 and 8.0 /im were made in 200 6 July using the In- 
frared Array Camera (IRAC: [ Fazio et al. 2 004,) aboard 
the Spitzer Space Telescope ([Werner et all l2004h . The 
basic im age processing was re duced using the IRACproc 
package ([Schuster et al.|[2006D . IRACproc is based on the 
Spitzer Science Center mosaic software MOPEX (Mo- 
saicking and Point-source extraction) and provides en- 
hanced cosmic ray rejection. The resulting mosaiced im- 
ages are 130" x 130" except for KISSR 73 (259" x 259") 
and KISSR 1048 (216" x 216") because these systems are 
more extended. The pixel scale for all images is 0'.'86 per 
pixel. 

The measurement of photometry for these galaxies was 
divided into three processes: point-source subtraction 
in the 3.6 and 4.5 /im bands, background subtraction, 
and elliptical isophotal fitting. Stellar crowding was a 
problem for the galaxy photometry and background es- 
timation in the 3.6 and 4.5 /im bands as seen in the 

3.6 /im image shown in Figure |TJ The figure shows the 
aperture in which we measure the galaxy fiux (red) and 
the annulus we use for background subtraction (green). 
MOPEX/ APEX was used to identify and remove point 
sources from the mosaics, except for sources found to 
be part of the galaxies in question. Some of the bright 
point sources in the 3.6 and 4.5 /im bands leave residuals 
after the subtraction. These residuals and any sources 
in the galaxy or background area at 5.8 and 8.0 /im 
were masked before the isophotal fitting was performed 
in those bands. After the point sources were subtracted 
and/or masked, the background subtraction and isopho- 
tal fitting were done using the ELLIPSE package within 




Fig. 1.— 3.6 ^J.m image of KISSR 2378. The red (inner) ellipse 
shows the aperture in which the galaxy fiux was measured. The 
green (outer) ellipses show the annulus in which the sky background 
was measured. This figure shows the degree to which stars were a 
problem for the photometric measurements. 

IRAPQ/STSDAS. The ELLIPSE task was used to fit el- 
liptical isophotes to the galaxy given a fixed center, ellip- 
ticity, and position angle. The background was defined 
as the average intensity in ellipses that are at least 5 pix- 
els beyond the extent of the galaxy (usually within an 
annulus at a radius of 36-45 pixels except for the four 
largest systems for which larger annuli were used). The 
extent of the galaxy was assumed to be the point at which 
the flux reaches within la of the background level. For 
two of the galaxies (KISSR148 and KISSR 217) bright 
point sources introduced a background gradient across 
the image. For these sources, the IMSURFIT task within 
IRAF was used to fit a second-order polynomial to the 
background in order to remove the gradient after the ini- 
tial background subtraction. After the image was back- 
ground subtracted, the galaxy flux was measured within 
the previously determined extent of the galaxy from a 
second run of the ELLIPSE fitting routine. 

The flux errors were assumed to be the combination 
of the Poisson errors and a systematic error due to the 
uncertainty in the galaxy extent. The flux error due to 
the uncertainty in the galaxies' extent was computed to 
be the change in the measured flux when the galaxy ex- 
tent was increased or decreased by 1 pixel or by 10%, 
whichever was larger. The results of the photometry are 
presented in Table 2. One galaxy, KISSR 85, was not 
detected in any of the IRAC bands and three additional 
sources, KISSR 73, KISSR 75, and KISSR 856, were only 
detected at 3.6 and 4.5 /im. We report upper limits for 
these sources in Table 2. These limits for the galaxies 
that were detected at 3.6 /im, were calculated as the 
number of pixels in the 3.6 /xm band aperture multiplied 
by the standard deviation of the background within the 
aperture at the appropriate band. We calculated the up- 

^ IRAF is distributed by the National Optical Astronomy Ob- 
servatories, which is operated by the Association of Universities 
for Research in Astronomy, Inc. (AURA) under cooperative agree- 
ment with the National Science Foundation. 
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Fig. 2. — Histogram of (a) velocity and (b) metallicity for the 
star-forming dwarf galaxies. The dashed lines indicate the median 
values for the sample. The median velocity is 6834 kms~^, the 
median metallicity is log[0/H]-|-12 = 8.24 (0.35^0). The dotted 
line in panel (b) ind icates solar metallicity, log[0/H]+12 = 8.69 
IIAsplund et al.ll200gt) . 

per limit for the galaxy that was not detected in any of 
the bands as the standard deviation times the number of 
pixels within a 5 pixel radius aperture. 

3. RESULTS 

3.1. Properties of the Sample 

The sample discussed here consists of two sub-samples 
of KISS galaxies: (1) 26 galaxies located in the Bootes 
field and (2) 60 galaxies in the KISS 30° strip. Fig- 
ure mja) shows the velocity distribution for the sample. 
The median for the sample is 6834 kms^^. Most of the 
galaxies have velocities less than 9000 kms~^, the limit 
imposed for systems in the 30° strip. In discussing the 
properties of the galaxies we include 16 galaxies with ve- 
locities greater than 9000 kms""'^ that were observed in 
the Bootes field. Figure [21[b) shows the metallicity dis- 
tribution for 67 of the 86 galaxies. The remaining 19 
galaxies do not have strong enough lines for the metal- 
licity determination. The median metallicity for galax- 
ies in the sample is log[0/H]4-12 = 8.24 (O.35Z0) while 
the lowest metallicity galaxy is only log[0/II]-f 12 = 7.60 
(O.O8Z0). 

The distribution of B, 3.6 /im, and 8.0 /im absolute 
magnitudes is shown in Figure [3l There are 10 galax- 
ies brighter than Mbq = —18 once they are corrected 
for extinction. The median absolute magnitudes for the 
sample are Mbq = —17.33, M3.6 = —20.35, and M^.o = 
—22.55, which are indicated with dashed lines in the fig- 
ure. The i?-band luminosities for the sample range from 
0.003L|j to 0.25L|j (Driver and De Propris 200.3) while 
the range is bet ween O.OO2L3 g and O.5IL3 g at 3.6 ^m 
(iDai et al.ll2009D and b etween O.OOOIL^ g and 0.09L* ^ at 



8.0 fim (|Huang et al.ll2007D . The median 8.0 /im lumi- 
nosity, 0.004Lg Q, is a much smaller fraction of L* than 
the median i?-band luminosity, 0.05LJj, or 3.6 /im lu- 
minosity, 0.06X3 g. The smaller 8.0 fim luminosity with 
respect to L* indicates that, as a whole, these systems are 
deficient in the 8.0 /zm emission. This finding is consis- 
tent with a drop-off in 8.0 /im emission for low lumi nosity 
(iWu et all 2009.) and low-metallicity (Engclbracht et al.l 
I2008D galaxies. 

3.2. Colors of Star-forming Dwarf Galaxies 
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AbsolLjte Moanitude 
Fig. 3. — Histogram of absolute tnagnitudes in the B, 3.6 fim 
and 8.0 ^m bands. Magnitudes are relative to Vega. The dashed 
lines indicate the median magnitudes in each band, Mg = —17.33, 
M3.6= —20.35, and Mg.o = —22.55. Note that these galaxies have 
been selected to have Mg > —18 but ten galaxies are brighter 
than that limit after being extinction corrected. The dotted lines 
indicate the characteristic magnitudes, Mg and Mgg. J^Ig q = 
—28.46 so it is off the right edge of the upper panel. 

Figure |4] shows the relationship between the [3.6] — 
[8.0] and B — R colors for galaxies in this sample (large 
blue circles) and for all sources classified as galaxies 
(black circles) in both the Spitzer Deep, Wide-Field 
Survey (SDWFS; lAshby et al.''2009^ 'Bro wn et al.][200l 
and the NDWFS (Jarinuzi_and Dcv 1999). The i?-band 
magnitud es are derived from th e Sloan Digital Sky Sur- 
vey (lAdelman-McCarthv et al.|[20081 r-band magnitudes 
transformed to Joh nson R using the color correction from 
iFadda et"aLl ()2004f ) . Figure|l]shows that the star-forming 
dwarf galaxies are significantly bluer in their optical col- 
ors than the majority of galaxies because their light is 
dominated by star formation. The [3.6] — [8.0] color 
spans the same range covered by late-type galaxy col- 
ors in the SDWFS but tend toward the redder end of 
the galaxy distribution including a few extremely red 
sources. The star-forming dwarf galaxies with < B — R 
< 2 and [3.6] - [8.0] > 2.5 represent almost 40% of the 
sample, approximately ten times the fraction of SDWFS 
galaxies in this range and almost four times the frac- 
tion of SDWFS galaxies in this range when only galaxies 
with < B—R < 2 colors are considered . Expanding this 
analys is beyond the 19-galaxy sample of lRosenberg et afl 
(|2006l hereafter Paper I) to the 86 galaxies treated here 
has helped to fill in this color-color plot and improve the 
statistics, but it has not significantly changed the range 
of galaxy colors identified except to pick up a few galaxies 
with redder B ~ R colors. 

Figure[5]presents the [3.6] — [8.0]5'.s. color as a function 
of the 3.6 and stellar subtracted 8.0 /im luminosities. The 
8.0 /im magnitude and luminosity has had subtracted us- 
ing a scale factor of 0.227 of 3.6 /im (jPahre et al.ll2004aD 
as a function of the 3.6 and stellar subtracted 8.0 /im 
luminosities. The stellar subtracted 8.0 /xm flux used 
here and in some of the figures below as a better mea- 
sure of the dust emission in this band. The stellar sub- 
tracted magnitude is not used in the color-color plots 
because galaxies with purely stellar colors can not be 
plotted for comparison since 8.0 /im flux drops to zero. 
In general, the more luminous galaxies are redder in the 
[3.6] — [8.0]s.5. color, a trend that was not clear for the 
19 galaxies in Paper I. Since the [3.6] — [8.0]s.s. color is 
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TABLE 1 
Properties of KISS Galaxies 
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— 0.44 


314 


13:35:35.0 


on.io.nn n 

29:13:00.9 


909 




15.27 




15.42 


0.40 


0.31 


39.26 


8.05 


— 1.61 


386 


13:54:25.8 


on. 00. nn 

29:33:00.2 


7170 




17.69 




17.84 


0.63 


0.39 


40.38 


8.36 


— 0.43 


396 


1 Q . rrT. inn 

13:57:10.0 


on. 1 0. 1 n 1 


2317 




15.03 




15.18 


0.32 




39.63 


7.91 


— 1.47 


407 


13:58:36.1 


on. 00. on n 

29:23:20.9 


5726 




17.72 




17.87 


0.47 




39.93 




— 1.17 


460 


1 A .no .10 


on.ni .ni n 

29:01:01.0 


7295 




17.94 




18.09 


0.84 


0.64 


40.20 




— 0.42 


505 


14:16:55.4 


on on 11 

29:29:11.5 


3354 




16.60 




16.75 


0.38 


0.54 


39.94 


7.99 


— 0.76 


507 


A A 1 '7 n /I '7 

14:17:z4.7 


on A A 11 

29:41:11.5 


8431 




17.67 




17.82 


0.73 




40.08 




— 1.02 


541 


14:23:58.3 


on ,1 n 

29:49:33.8 


3114 




16.33 




16.48 


0.48 


1.45 


40.75 




0.72 


561 


14:29:53.6 


on . on. 1 n a 
29:20:10.6 


3683 




15.69 




15.83 


0.29 


0.02 


39.74 


8.08 


— 1.35 


572 


14:46:48.2 


on c 1 ^7 1 

29:25:17.1 


3794 




16.12 




16.27 


0.39 


— 0.08 


39.56 


8.34 


— 1.60 


856 


15:46:45.5 


29:52:09.3 


8385 




14.48 




14.63 


0.63 




39.23 




— 1.87 


956 


16:02:05.2 


29:43:37.8 


4410 




16.66 




16.81 


0.40 


0.69 


40.15 


8.33 


- 0.44 


1011 


16:15:46.5 


29:52:53.5 


2580 




15.96 




16.11 


0.52 




38.98 




- 2.12 


1013 


16:16:39.0 


29:03:33.0 


7540 




17.44 




17.59 


0.37 


0.03 


40.14 


8.07 


- 0.94 


1021 


16:19:02.6 


29:10:22.4 


2708 




15.12 




15.27 


0.27 


0.13 


39.40 


8.03 


- 1.60 


1048 


16:33:47.6 


28:59:05.7 


1100 




17.22 




17.37 


0.37 


0.02 


38.01 


8.32 


- 3.08 


2292 


14:25:09.2 


35:25:16.0 


8659 




17.80 




18.31 


0.66 


0.28 


40.39 


8.41 


- 1.05 


2300 


14:26:08.9 


33:54:19.8 


10271 




16.09 




16.09 


0.50 


0.15 


40.52 


7.89 


- 1.10 


2302 


14:26:17.5 


35:21:35.6 


8342 




17.16 




17.16 


0.42 




40.04 




- 1.05 


2309 


14:26:53.6 


34:04:14.6 


7231 




17.12 




17.12 


0.43 


0.28 


40.09 


7.98 


- 1.52 


2316 


14:28:14.9 


33:30:25.7 


10685 




17.38 




18.57 


0.81 


1.09 


41.01 


9.10 


0.12 
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TABLE 1-Continued 



KISSR 


RA 


Dec 




Mb 




(B-V^)o'' 




log Lna 


log[0/H]+12'' 


logiSFR)" 




J2000 


J2000 


(km s-1) 










(erg s-i) 




(A/0 yr-i) 


2318 


14:28:24.6 


35:10:21.5 


22163 


- 17.88 


- 17.88 


0.95 




41.15 




0.05 


2322 


14:29:09.6 


32:51:26.8 


8574 


- 17.84 


- 17.84 


0.53 


0.10 


40.24 


8.05 


- 1.30 


2326 


14:29:32.7 


33:30:40.4 


7935 


- 17.14 


- 17.14 


0.51 


0.15 


40.65 


8.00 


- 0.96 


2338 


14:30:27.9 


35:32:07.2 


11689 


- 17.20 


- 17.20 


0.77 


0.19 


40.81 


8.06 


- 0.74 


2344 


14:31:03.6 


35:31:14.8 


4166 


- 17.75 


- 17.75 


0.44 


0.25 


40.12 


8.27 


- 1.40 


2346 


14:31:14.4 


33:19:13.2 


10819 


- 16.80 


- 16.80 


0.67 


0.20 


40.49 


7.84 


- 1.15 


2349 


14:31:20.0 


34:38:03.8 


4396 


- 16.63 


- 16.63 


0.52 


- 0.01 


40.48 


8.04 


- 1.10 


2357 


14:31:39.2 


33:26:32.3 


10759 


- 17.67 


- 17.67 


0.58 


0.50 


40.40 


8.37 


- 1.05 


2359 


14:31:49.3 


35:28:40.0 


22512 


- 17.55 


- 18.03 


0.64 


1.35 


41.66 


8.62 


0.32 


2368 


14:32:18.9 


33:02:53.7 


10972 


- 17.05 


- 17.05 


0.76 


0.19 


40.84 


8.03 


- 0.74 


2378 


14:33:19.4 


32:43:00.0 


11171 


- 17.79 


- 17.79 


0.38 


0.71 


40.85 


8.00 


0.27 


2382 


14:34:08.0 


34:19:34.5 


6813 


- 17.81 


- 17.81 


0.35 


0.10 


40.03 


8.28 


- 1.40 


2384 


14:34:30.1 


32:50:46.1 


11492 


- 17.72 


- 17.72 


0.45 


0.18 


40.62 


8.24 


- 0.35 


2398 


14:36:33.1 


34:58:04.5 


9006 


- 18.01 


- 18.01 


0.46 


0.19 


40.33 


8.42 


- 1.10 


2400 


14:37:04.8 


33:00:20.4 


3797 


- 16.54 


- 16.54 


0.51 


0.25 


39.58 


8.31 


- 1.34 


2403 


14:37:42.6 


33:36:26.7 


12047 


- 16.24 


- 16.24 


0.36 


0.36 


40.38 


8.36 


- 1.05 


2406 


14:38:27.8 


35:08:59.1 


8641 


- 17.89 


- 17.89 


0.49 


0.19 


40.38 


8.35 


- 1.05 


2407 


14:38:29.3 


33:20:07.5 


20385 


- 17.51 


- 17.51 


0.53 


0.94 


41.25 




0.85 


2412 


14:38:51.5 


34:29:52.8 


9845 


- 16.29 


- 16.29 


0.62 


0.15 


40.45 


7.95 


- 0.54 


2413 


14:38:59.5 


34:22:51.8 


13110 


- 17.69 


- 19.04 


0.86 


0.61 


40.77 


9.03 


0.12 


2415 


14:39:17.6 


34:22:21.2 


13265 


- 16.88 


- 17.96 


0.76 


1.14 


41.07 


8.71 


0.81 



" S-band absolute magnitude corrected for internal extinction using the ad hoc method from ({Melbourne and Salzeii[2002l ). 
^ B — V color corrected for Galactic absorption. 

Decimal reddening coefficient. 
^ A measure of metallicity. For detail of the calculation see [Melbou rne and Salzeil I 20021) and ISalzer et al.l II2005I 1 . 

SFR calculated from the Ha luminosity using the prescription of lKenmcuttl 111996 ). 
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TABLE 2 
Spitzer IRAC Photometry 



KISSR 


«3.6 

(circsec)'' 


EUipticity'' 


[3.6] 




[4.5] 


('■4.5 


[5.8] 


"■5.8 


[8.0] 




1 


15.0 


0.0 


14.14 


0.07 


14.16 


0.11 


13.55 


0.21 


11.99 


0.08 


32 


6.9 


0.2 


14.85 


0.11 


14.82 


0.15 


13.50 


0.21 


11.77 


0.07 


40 


13.6 


0.2 


14.25 


0.08 


14.31 


0.12 


13.46 


0.20 


12.33 


0.09 


49 


9.0 


0.3 


14.71 


0.10 


14.72 


0.14 


13.88 


0.24 


12.34 


0.10 


52 


15.6 


0.4 


12.88 


0.05 


12.98 


0.07 


11.58 


0.09 


9.76 


0.03 


55 


5.4 


0.2 


16.93 


0.29 


16.66 


0.34 


16.84 


0.71 


15.30 


0.37 


57 


17.6 


0.6 


14.26 


0.08 


14.14 


0.11 


13.24 


0.18 


12.23 


0.09 


59 


28.9 


0.7 


12.54 


0.03 


12.65 


0.05 


11.07 


0.07 


9.36 


0.01 


61 


5.7 


0.3 


16.48 


0.23 


16.38 


0.29 


15.67 


0.48 


14.93 


0.30 


73 


38.6 


0.4 


13.16 


0.04 


13.10 


0.08 


> 10.96 




> 10.34 




75 


12.6 


0.0 


15.34 


0.06 


15.41 


0.08 


> 13.76 




> 13.17 




85 


4.3 


0.0 


> 18.75 




> 17.79 




> 15.75 




> 15.04 




91 


9.6 


0.2 


14.03 


0.08 


14.03 


0.11 


12.50 


0.14 


10.81 


0.05 


105 


4.3 


0.0 


17.64 


0.39 


17.32 


0.46 


16.59 


0.74 


15.27 


0.41 


108 


12.3 


0.6 


14.75 


0.10 


14.71 


0.14 


13.95 


0.25 


12.37 


0.09 


115 


10.5 


0.0 


13.79 


0.07 


13.79 


0.09 


13.13 


0.18 


11.56 


0.06 


119 


8.9 


0.3 


15.54 


0.15 


15.67 


0.22 


15.26 


0.42 


13.65 


0.18 


125 


10.1 


0.3 


13.82 


0.07 


13.83 


0.10 


12.51 


0.14 


10.88 


0.05 


133 


15.8 


0.6 


13.94 


0.07 


14.01 


0.11 


12.84 


0.16 


11.20 


0.05 


142 


21.2 


0.4 


13.03 


0.05 


13.21 


0.08 


12.45 


0.13 


11.66 


0.06 


148 


18.4 


0.4 


14.17 


0.07 


14.06 


0.09 


13.15 


0.18 


12.03 


0.06 


156 


12.5 


0.0 


14.99 


0.12 


15.02 


0.16 


14.65 


0.34 


13.28 


0.14 


170 


25.8 


0.7 


13.86 


0.07 


14.05 


0.11 


12.83 


0.15 


11.26 


0.06 


171 


11.8 


0.4 


14.34 


0.09 


14.31 


0.12 


13.51 


0.21 


12.83 


0.06 


182 


10.3 


0.0 


14.27 


0.08 


14.37 


0.12 


13.48 


0.21 


12.06 


0.08 


187 


10.0 


0.5 


15.83 


0.18 


15.73 


0.23 


15.10 


0.44 


13.57 


0.15 


191 


12.2 


0.0 


14.11 


0.08 


14.09 


0.11 


13.46 


0.20 


12.15 


0.09 


192 


18.8 


0.7 


14.77 


0.10 


14.71 


0.14 


13.75 


0.23 


12.23 


0.09 


193 


6.0 


0.3 


16.23 


0.20 


16.24 


0.28 


15.72 


0.50 


14.63 


0.25 


194 


8.2 


0.3 


14.28 


0.08 


14.31 


0.12 


13.54 


0.20 


12.19 


0.09 


205 


10.2 


0.0 


14.46 


0.09 


14.40 


0.12 


14.06 


0.26 


12.81 


0.11 


207 


25.0 


0.8 


14.12 


0.08 


14.26 


0.12 


13.53 


0.21 


12.02 


0.07 


210 


10.2 


0.1 


15.15 


0.12 


15.09 


0.16 


14.48 


0.31 


12.90 


0.12 


215 


13.1 


0.4 


13.21 


0.05 


13.16 


0.06 


12.08 


0.11 


10.40 


0.04 


217 


14.4 


0.0 


13.65 


0.06 


13.59 


0.07 


12.53 


0.13 


11.12 


0.06 


236 


20.4 


0.4 


12.13 


0.03 


12.21 


0.05 


11.00 


0.07 


9.23 


0.02 


238 


11.3 


0.3 


13.68 


0.07 


13.73 


0.09 


13.47 


0.20 


12.71 


0.11 


245 


8.7 


0.0 


14.48 


0.09 


14.54 


0.14 


13.32 


0.19 


11.83 


0.07 


271 


9.5 


0.0 


14.04 


0.08 


13.93 


0.10 


13.35 


0.19 


11.96 


0.08 


272 


10.8 


0.1 


14.81 


0.11 


14.68 


0.15 


14.52 


0.29 


13.22 


0.14 


278 


9.2 


0.2 


15.39 


0.14 


15.33 


0.19 


15.38 


0.46 


14.33 


0.25 


280 


9.8 


0.4 


15.47 


0.15 


15.53 


0.21 


15.77 


0.55 


14.69 


0.26 


286 


7.6 


0.0 


14.35 


0.09 


14.24 


0.12 


13.25 


0.19 


11.78 


0.08 


299 


5.9 


0.0 


15.05 


0.12 


14.94 


0.16 


14.14 


0.27 


12.59 


0.10 


314 


32.6 


0.4 


12.46 


0.03 


12.80 


0.05 


12.97 


0.12 


11.39 


0.04 


386 


15.5 


0.6 


14.04 


0.08 


14.07 


0.11 


13.36 


0.20 


11.92 


0.08 


396 


9.2 


0.0 


14.93 


0.11 


14.78 


0.14 


14.50 


0.32 


14.02 


0.20 


407 


15.1 


0.2 


13.81 


0.06 


13.81 


0.09 


13.19 


0.18 


11.82 


0.08 


460 


22.0 


0.5 


12.53 


0.04 


12.59 


0.06 


11.28 


0.08 


9.58 


0.03 


505 


14.2 


0.4 


14.00 


0.07 


13.94 


0.10 


13.55 


0.21 


12.81 


0.10 


507 


12.6 


0.3 


14.18 


0.08 


14.19 


0.11 


13.66 


0.22 


12.14 


0.09 


541 


14.5 


0.4 


13.70 


0.06 


13.66 


0.09 


13.15 


0.18 


12.39 


0.08 


561 


12.4 


0.4 


15.44 


0.14 


15.43 


0.19 


15.41 


0.42 


14.57 


0.25 


572 


16.7 


0.6 


14.43 


0.09 


14.37 


0.12 


13.46 


0.20 


12.28 


0.09 


856 


5.2 


0.0 


15.33 


0.14 


15.23 


0.18 


> 15.39 




> 14.80 




956 


13.5 


0.5 


14.11 


0.08 


14.11 


0.11 


13.55 


0.21 


12.17 


0.09 


1011 


23.8 


0.5 


13.66 


0.06 


13.86 


0.10 


13.58 


0.21 


12.23 


0.09 


1013 


11.8 


0.6 


15.21 


0.13 


15.15 


0.17 


14.84 


0.36 


13.56 


0.15 


1021 


9.0 


0.1 


15.09 


0.12 


15.04 


0.16 


14.76 


0.36 


13.25 


0.15 


1048 


62.3 


0.3 


10.82 


0.01 


10.59 


0.01 


9.59 


0.02 


8.49 


0.01 


2292 


12.0 


0.1 


14.31 


0.07 


14.29 


0.09 


13.53 


0.17 


12.15 


0.07 


2300 


10.0 


0.3 


16.59 


0.19 


16.32 


0.24 


15.96 


0.51 


14.40 


0.19 


2302 


14.0 


0.3 


16.05 


0.15 


16.03 


0.21 


15.81 


0.47 


15.04 


0.25 


2309 


12.0 


0.2 


15.40 


0.11 


15.43 


0.16 


14.92 


0.32 


14.18 


0.17 


2316 


14.0 


0.1 


14.15 


0.06 


14.09 


0.08 


12.61 


0.11 


10.61 


0.03 
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TABLE 2-Continued 



KISSR 


(arcscc)"' 


EUipticity'' 


[3.6] 


<^3.6 


[4.5] 


0'4.5 


[5.8] 




[8.0] 




2318 


14.0 


0.3 


15.50 


0.11 


15.31 


0.15 


14.68 


0.28 


12.27 


0.07 


2322 


20.0 


0.2 


14.76 


0.08 


14.68 


0.11 


14.31 


0.24 


12.93 


0.10 


2326 


14.0 


0.2 


15.39 


0.11 


15.33 


0.15 


14.56 


0.27 


13.18 


0.11 


2338 


14.0 


0.2 


15.82 


0.13 


15.49 


0.16 


14.60 


0.27 


12.89 


0.09 


2344 


70.0 


0.7 


12.66 


0.03 


12.53 


0.04 


11.56 


0.07 


10.80 


0.04 


2346 


12.0 


0.1 


15.88 


0.14 


15.80 


0.19 


15.25 


0.37 


13.67 


0.14 


2349 


20.0 


0.3 


14.39 


0.07 


14.10 


0.09 


12.94 


0.13 


11.47 


0.05 


2357 


20.0 


0.6 


15.19 


0.10 


15.01 


0.13 


14.89 


0.31 


13.42 


0.12 


2359 


12.0 


0.1 


16.14 


0.16 


15.96 


0.20 


15.69 


0.45 


13.03 


0.10 


2368 


14.0 


0.4 


15.89 


0.14 


15.45 


0.16 


14.57 


0.27 


12.75 


0.09 


2378 


8.5 


0.2 


15.67 


0.15 


15.42 


0.18 


15.07 


0.40 


14.18 


0.21 


2382 


20.0 


0.4 


14.17 


0.06 


14.16 


0.09 


13.47 


0.16 


12.07 


0.06 


2384 


6.9 


0.2 


15.43 


0.14 


15.28 


0.18 


14.60 


0.32 


13.11 


0.13 


2398 


30.0 


0.4 


14.27 


0.07 


14.17 


0.09 


13.39 


0.16 


11.98 


0.06 


2400 


24.0 


0.7 


13.96 


0.07 


14.08 


0.11 


13.40 


0.19 


12.40 


0.09 


2403 


14.0 


0.3 


16.96 


0.23 


16.78 


0.29 


15.81 


0.47 


14.88 


0.23 


2406 


20.0 


0.1 


14.25 


0.06 


14.26 


0.09 


13.40 


0.16 


11.93 


0.06 


2407 


8.6 


0.6 


16.03 


0.19 


15.88 


0.24 


15.58 


0.47 


14.72 


0.28 


2412 


5.6 


0.0 


16.28 


0.21 


16.21 


0.27 


16.17 


0.59 


14.33 


0.24 


2413 


8.2 


0.0 


13.99 


0.08 


13.93 


0.10 


12.63 


0.14 


10.52 


0.04 


2415 


5.9 


0.0 


14.87 


0.11 


14.72 


0.14 


13.26 


0.19 


11.15 


0.05 



" The semimajor axis of the aperture in which the fliox was measured. 
The ellipticity of the fit aperture. 
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-4 -2 2 4 6 -0.5 0.0 0.5 1.0 1.5 

B - R [3.6] - [4.5] 



Fig. 4.— [3.6] - [8.0] vs. B - R colors for the star- 
forming dwa rf galaxies (blue circles) and for gal axies in both 
the SDWFS fAshbv e t aU [20091 : IBrown et all 12001) and NDWFS 
dJannuzi and Dcv 199!|) with ms.g < 20 (black circles). Two galax- 
ies have upper limits at the [3.6] — [8.0] are indicated by arrows. 
Contours indicate the density of the black circles. 
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Fig. 5. — [3.6] — [8.0]s.5. color as a function of the 3.6 and stellar 
subtracted 8.0 ^m absolute magnitude. The filled circles indicate 
galaxies with velocities smaller than 9000 kms~^ and with absolute 
B magnitudes dimmer than —18. The asterisks indicate galaxies 
with velocities larger than 9000 kms~^ and with absolute B mag- 
nitudes dimmer than —18. The crosses indicate galaxies with ve- 
locities smaller than 9000 kms~^ and with absolute B magnitudes 
brighter than —18. The plus signs indicate galaxies with velocities 
larger than 9000 kms~^ and with absolute B magnitudes brighter 
than —18. Several of the galaxies have upper limits only at 8.0 fira 
and are indicated by arrows in both color and, in the Mg.o plot, 
absolute magnitude. 



a good proxy for the mass-normalized dust content (8.0 
/im probes PAH plus hot dust continuum while 3.6 fim 
traces the stellar mass), redder galaxies being more lu- 
minous indicates that the dust emission per unit stellar 
mass increases both as stellar mass (3.6 fj,m luminosity) 
and total dust emission from the galaxy (8.0 /im lumi- 
nosity) increase. The mass normalized dust content of a 
galaxy appears to be better correlated with the total dust 
content of the system (correlation coefficient = —0.79) 
than it is with the total stellar mass (correlation coeffi- 
cient — —0.45). This difference in correlation seems to 
indicate that the process that regulates the average dust 
emission in these galaxies - either the delayed injection 
of dust due to the youth of the stellar population or the 
destruction of dust in the hard stellar radiation field - 
has a significant impact on the total dust luminosity of 
the galaxy but is not strongly tied to the bulk stellar 
mass. 



Fig. 6.— [3.6] - [8.0] vs. [3.6] - [4.5] color-color diagram. The 
galaxies in our sample are sho wn by the same symbols a s in Figure 
\E\ Star- forming galaxies from Engelbracht et al.' I I2005I ) are shown 
as open triangles, SINGS (Kennicutt ct al. 2003) are shown as open 
squares, and LVL galaxies (Dal e et al.ii2009) are shown as open 
diamo nds. The red star indicates the theoretical colors of MO III 
stars llPahre et al.|[2004bl ) for reference. In addition, the red filled 
squares indicate the observed colors of elliptical galaxies with the 
dust-free fitting SED model in SINGS. 

Figure 1 shows the [3.6] - [8.0] versus [3.6] - [4.5] 
color-color plot for the galaxie s in th is sample, star- 
burst galaxies from .En gelbrach t et al.l ( p005 ) . galaxies 
from Spitzer Infrared Nearby Galaxies Survey (SINGS; 
iKennicutt et al.ll2003f) , an d galaxies from t he Spitzer Lo- 
cal Volume Legacy (LVL: IDale erall 120091) . The SINGS 
samples cover a wide range of morphologies, metallicities, 
SFRs, and infrared-to- optical ratios in normal galaxies 
(jKennicutt et al.l 12003') . The LVL sample includes all 
galaxies within 11 Mpc down to a magnitude limit of 
TUB — 15. This complete sampling of the local volume 
includes the full range of galaxy types from ellipticals to 
spirals and irregulars. The [3.6] — [8.0] color of the KISS 
galaxies spans the blue end of the range covered by the 
LVL galaxies. Our sample does not have galaxies as red 
in the [3.6] — [8.0] color as those in LVL because we do 
not include early- type systems. There is little correlation 
between the [3.6] — [8.0] and [3.6] — [4.5] colors with the 
exception of the reddest galaxies ([3.6] — 4.5] > 0.4) 
which are all red in the [3.6] - [8.0] color ([3.6] - [8.0] 
> 1.5). Most of the galaxies fall within a relatively small 
range of the [3.6] — [ 4.5] color around th e colors of a the- 
oretical MO HI star (IPahre et al.ll2004bl) and the SINGS 
ellipt ical galaxies NGC 0584 and NGC 1404 (iDale et alj 
[200l . We use NGC 0584 and 1404 as fiducial dust-free 
ellipticals because their spectra show no evidence for dust 
emission in the mid-infrarec0. The galaxies with the red- 
dest [3.6] - [4.5] color ( [3.6] - [4.5] > 0.7) are pr imarily 
luminous systems from lEngelbracht et al.l (|2005[ ). The 
lack of dwarf galaxies with these red colors indicates that 
hot dust does not make a significant contribution to the 
4.5 /im emission in these galaxies. The [3.6] — [4.5] colors 
are bluer than the theoretical MO HI stellar color and the 
fidical dust-free elliptical galaxies for a few of the galax- 
ies possibly indicating emission in the 3.6 /im band from 
the 3.3 /im PAH feature. 

3.3. Effect of Metallicity on the Properties of 
Star-forming Dwarf Galaxies 

See'http: / /w eb.ipac.caltech.edu/staff/jarrett/rac/carlibration| 
/galaxies. htmf! 
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The luminosity-metallicity relationship is fundamental 
to galaxies and their evolution, connecting the star for- 
mation history in galax i es to t he increase in metal abun- 
dance. iTremonti et all (|2004[ ) used the SDSS to extend 
this relationship to a stellar mass-metallicity relationship 
and found that the lower mass systems are more prone to 
metal loss, probably through galaxy winds that prefer- 
entially remove metals from the lower potential systems. 

Figure [7] shows the relationship between metallicity 
and Mbo, -^^3.6 and Mg.os s • Most of the galaxies in our 
sample are sub-solar ([iog(0/H) -I- 12]q = 8.69). The 
luminosity-metallicity relationships for galaxies fainter 
than Mb = —18 in our sample are determined from a 
linear least-squares fit to the data points giving the rela- 
tions: 

log(0/H) + 12 = -0.15(±0.03)Afi3„ + 5.73( ±0.50) 
log(0/H) + 12 = -0.13(±0.02)Af3 e + 5.62( ±0.43) 
log(0/H) + 12 = -0.09(±0.02)M8.os.s. + 6.24( ±0.34) 

giving an rms scatter around the fits of 0.20 at i?-band, 
0.18 at 3.6 iim, and 0.18 at 8.0 ^m. The slope of 
these relations is consistent with the slope determined 
from 19 data points in Paper I, although we now get 
a slightly shallower slope at _B-band and 3.6 fim and a 
slightly steeper slope at 8.0 fim which brings all of the 
values in all three bands closer together. For compar- 
ison with our i3-band data, we show the linear least- 
squares fit to the full KISS sa mple (including Mb < —18, 
[Melbourne and Salzeri [20021 ) . This i?-band slope is sig- 
nificantly shal lower than that determined for the full 
KISS sample ([Melbourne and Salzeii [ 200a -0-24 ') and 
for Blue Compact Dwarf Galaxies ( Zhao et al.l 120101 



—0.24). This flattening at the low-luminosity end is 
consistent with other values obtained f or dwarf galax- 
ies (v an Zee and Havnes 2006; Shi ct al. 2 0051 ; ILee et ahl 
l200llRicher and McCal l 1995; Skillnian ct al. 198 1) and 
has b een previously noted by .Melbourne and Salzeii 
(|2002D . The flattening of the slope of this relation at 
lower luminosity implies that the dwarf galaxies have a 
relatively larger metallicity than the more luminous sys- 
tems. This difference could be driven by a floor on the 
metallicity or differences in the astrophysical processes 
(e.g., outflows versus closed-box enrichment) that gov- 
ern this relationship. 

The 3.6 /im luminosity-metallicity relationship is ex- 
pected to be tighter than the i?-band relationship be- 
cause it is less influenced by extinction and it is a better 
measure of the stellar mass of the system (as noted in 
the previous section, it does not appear to be strongly 
influenced by PAH emission at 3.3 /um). However, we 
flnd only a modest decrease in the scatter between B- 
band and 3.6 /im. Even more surprising, the scatter in 
the 8.0 /im relationship is the same as for the 3.6 /im 
relationship. We would expect the dependence of the 8.0 
/zm luminosity on the combination of the PAH and dust 
continuum emission which are influenced by the SFR, 
the radiation held, and possibly the age of the stellar 
population to increase the scatter. 

Figure [5] shows the relationship between the mid- 
infrared colors of galaxies and metallicity for galax- 
ies in our sampl e, star -forming dwarf galaxies from 
lEngelbracht et all (I2005D . and galaxies from SINGS 
( Kennicutt et al.l 120031 ). The mass-normalized dust con- 
tent of galaxies in Figure [SKa) is correlated with the 




Fig. 7. — Metallicity as a function of absolute magnitude in the B, 
3.6, and 8.O5.5. /im bands. The galaxies in our sample are shown by 
the same symbols as in Figure[5] SINGS galaxies (Kennicutt et aL| 
2003) are^shown as open squares and star-forming galaxies from 
Engelb racht et al.l (12005 ) are shown as open triangles. The solid 
lines indicate the linear least-squares fits to the data in this sample 
with Mgg > —18. The dashed line in pan el (a) shows the slope 
of t he metallicity-luminosity relation from IMelbourne and Salzeil 
(12002) for the full sample of KISS galaxies. 

metallicity, although there is a lot of scatter in the re- 
lationship. Like the color-luminosity relationship, this 
correlation was not evident with the smaller sample in 
Paper I. The linear least-squares fit on the log scale to 
the relationship is 



[3.6] - [8.0]5.5. 



1.41(±0.39) X [log(0/H)+12] 
9.70(±3.23) 



with an rms scatter around the fit of 0.67 and correlation 
coefficient 0.43. The large scatter in this relationship 
indicates that variations in color are being driven by more 
than the effect of metallicity on the dust emission from 
the galaxies. The average [3.6] — [4.5] color is 0.1 for the 
KISS dwarfs. This color is slightly redder than expected 
for a stellar SED (see Figure [5]) indicating that the color 
of some of the galaxies is being infiuenced by hot dust 
in the 4.5 /im band. As indicated by Figure [U there are 
galaxies with substantially redder colors than the average 
indicating hot dust emission at 4.5 /j m, than the average 
- primarily luminous systems in the lEngelbracht et ahl 
((2005i) sample. 

3.4. Effect of Star Formation Rate on the Properties of 
Star-forming Dwarf Galaxies 

The galaxies in this sample have been selected because 
they have Ha emission detected in the KISS objective- 
prism survey. In addition, we have made a luminosity 
cut to select dwarf systems. While these two cuts limit 
the properties of the sample, they still make up a fairly 
diverse group ranging from strongly star-forming blue 
compact dwarf galaxies to more diffuse star-forming ir- 
regular galaxies. Most of the galaxies exhibit SFRs rang- 
ing between 0.001 and 10 Mq yr"-'^. For three sources, 
the SFRs are even lower than this limit and KISSR 207 
has a huge SFR at 85 Mq yr~^, although it does not 
quite make our luminosity cutoff with Mb^ — —18.06. 

As expected, the SFR in these galaxies is correlated 
with the blue luminosity as shown in Figure [Hla) . The 
SINGS galaxies are included in the plot for comparison 
over a wider range in luminosity and SFR. We also show 
the relationship between the SFR and A/3.6 and Mg.os.s. . 
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Fig. 8.— [3.6] - [8.0]s.s. and [3.6] - [4.5] color as a function of 
metallicity. The galaxies in our sample are shown as filled circles. 
SINGS galaxies arc shown as open squares and star-forming galax- 
ies from Engelbracht et al. (2005) are shown as open triangles. We 
divide our sample into three groups based on their magnitude at B 
band. Blue points are low-luminosity sources {Mg > —16), black 
points are moderate-luminosity sources (—18 < Mb < —16), and 
red points are high-luminosity sources (Mb < —18). Filled stars 
indicate the average value for each of these magnitude groups. The 
solid line in panel (a) indicates the linear least squares fit to the 
data with Mb„ > -18. 

With only two exceptions, all of the high SFR galax- 
ies have high, or unknown metallicities. However, the 
middle and low-metallicity sources are well mixed at the 
moderate and low SFRs. The relationships between the 
SFR and luminosity for our sample are 

log(SFR) = -0.39(±0.08)Mbo - 7.37(±1.42) 
log(SFR) = -0.32(±0.07)M3 6 - 7.21(±1.36) 
log(SFR) ^ -0.18(±0.05)M8.os.s. - 4.81(±1.07) 

with an rms scatter of 0.66 at i?-band, 0.66 at 3.6 /im, 
and 0.65 at 8.0 fim. There are two outliers in this plot 
- KISSR 207 is a low metalhcity galaxy (log(0/H) + 12 
= 8.06) with the highest SFR, 85 Mq yr^^ in the sam- 
ple, although its luminosity, Mbq = 18.06, is just above 
our nominal limit. KISSR 1048 is a moderate metallic- 
ity source (log(0/H) + 12 = 8.32) with the lowest SFR 
in the sample, but it is moderately bright in all bands 
(Mbo = -17.4). 

Figure [TUl shows the relationship between mid- infrared 
colors and both the SFR and the specific star formation 
rate (SSFR; SFR/M^t eiiar)- The Stellar mass used to 
calculate the SSFR was deri ved from the B — V c olor and 
the S-band luminosity (Be ll and de Jonjl2001| ). There 
is a correlation between the [3.6] — [8.0] color and the 
SFR driven mostly by the highest metallicity sources in 
the sample. The linear least squares fit on the log scale 
to these data is given by: 

[3.6] - [8.0]s5 = 0.27(±0.13) x log(SFR) + 
2.02(±0.13) 
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Fig. 9. — SFR, computed from the galaxies Ha luminosity, as 
a function of absolute magnitude in the B, 3.6, and 8.O5.5. /im 
bands. The galaxies in our sample are shown as filled circles (ve- 
locity < 9000 kms~^) and asterisks (velocity > 9000 kms~^). 
SINGS galaxies are shown as open squares. We divide our sam- 
ple into three groups based on their metallicity. Blue points are 
low-metallicity systems (log(0/H)-f 12 < 8.2), black points are 
moderate-metallicity (8.2 < log(0/H)+12 < 8.6), and red points 
are high-metallicity (log(0/H)+12 > 8.6). Green points arc galax- 
ies for which metallicity information is not available. The lines 
show linear least squares fits to the galaxies with A/sq > —18. 
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Fig. 10.— [3.6] - [8.0]s.s. and [3.6] - [4.5] as a function of 
the SFR, and the SSFR. The sample is divided into three groups 
based on their metallicity. Blue plus signs are low-metallicity sys- 
tems (log(0/H)-f 12 < 8.2), black circles are moderate-metallicity 
(8.2 < log(0/H)+12 < 8.6), and red asterisks are high-metallicity 
(log(0/H)-|-12 > 8.6). Green circles are galaxies for which metal- 
licity information is not available. Large plus signs, asterisks, and 
black filled circles indicate the average value for each of these metal- 
licity groups. The solid line in panel (a) indicates the linear least- 
squares fit to the data with Mb„ > -18. KISSR 207, the highest 
SFR source is brighter than Mbq = — 18 and is not included in the 
fit. 

which has an rms scatter of 0.75 and correlation coeffi- 
cient 0.25. The major outliers in this plot include the 
highest SFR source KISSR 207 (blue cross on the far 
right) which is more luminous than our nominal cutoff 
of Mb = -18, KISSR 1048, the lowest SFR source in 
the sample, and KISSR 238, 541, 2407 which have high 
SFRs and bluer [3.6] — [S.Ojs.s. colors. The relationship 
for the 19 galaxies in Paper I had an rms scatter of 0.56 
and correlation coefficient 0.66, so the increase in sam- 
ple size has increased the number of outliers and, overall, 
decreased the correlation. 

The relationship between [3.6] — [8.0] 5.5. color and 
SSFR shows virtually no correlation (correlation coeffi- 
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cient = 0.02). This lack of a correlation is somewhat sur- 
prising given the correlation between 8.0 /im luminosity 
and SFR since this relation is the same one normalized 
by stellar mass since 3.6 /im luminosity is a good probe of 
stellar mass. The SSFR in Figure [TU] is computed using 
stellar mass calculated with the Bell and de Jon g ( 20011 ) 
calibration for optical colors, but the plot is almost iden- 
tical if the stellar mass is compu ted using the 3.6 j im lu- 
minosity with the calibration of iZhu et all ()201C1[) . SFR 
is correlated with both 3.6 and 8.0 /im luminosities as 
shown in Figures |9l[b) and (c) so the lack of correlation 
between [3.6] - [8.0]s.s. color and SSFR in Figure [H 
indicates that on a global scale in these galaxies, the 
higher 8.0 //m luminosity in higher SFR galaxies is more 
strongly driven by the mass of the galaxy than by the 
star formation processes (i.e., more massive galaxies are 
also the more luminous and higher SFR galaxies in gen- 
eral). This result is also reflection of the significant con- 
tribution made by the dust continuum emission, which 
is not a function of the SFR, to the 8.0 /xm luminosity 
in these galaxies. Because this continuum contribution 
is significant the [3.6] — [8.0] s s color is not correlated 
with SSFR. 

3.5. 8.0 Luminosity Function 

The 8.0 /im luminosity function of star-forming dwarf 
galaxies is a measure of the contribution of these systems 
to the total 8.0 /im luminosity density in the local uni- 
verse. We compute the luminosity function based on the 
57 galaxies in the sample with velocities between 1000 
and 9000 kms~^. We exclude the lowest velocity, and 
hence most nearby sources because they are detected in 
such a small effective volume that they are strongly in- 
fluenced by the local galaxy density and they contribute 
disproportionately to the luminosity function. We also 
exclude galaxies with Vhei > 9000 kms^^ because they 
are above our velocity cut in the 30° strip. Th e calcula- 
tion w as carried out using the 1/Vmax method (jSchmidtl 
I19681 1. where Vmax is the volume corresponding to the 
maximum redshift at which the galaxy's Ha emission line 
could have been detected by the survey. In addition, we 
compute a luminosity function based on an estimate of 
the stellar subtracted 8.0 /zm emission which represents 
the contribution of PAHs and the hot dust continuum to 
the 8.0 fim band. The stellar subtracted 8.0 /xm luminos- 
ity is the 8.0 /im luminosity min us the 3.6 /xni lumin osity 
scaled down by a factor of 0.227 (iPahre et al.ll2004at ) . the 
stellar contribution from an MO III star. 

In Figure [TTl we plot the 8.0 iim luminosity function 
for these galaxies a nd for an 8.0 iim - selected sample 
in the Bootes field (jHuang et al.ll2007| ). The luminosity 
function error bars for the star-forming dwarf galaxies 
are based on Poisson statistics (^Gehrels 1986) which cor- 
respond to la Gaussian errors. Because we restrict our 
sample to the faint end of the luminosity function, we 
do not have a good constraint on the luminosity func- 
tion's shape. However, the dwarf galaxy luminosity fol- 
lows the shape of the full sample within the errors and 
the luminosity density (3.1 x 10^ Lq Mpc~'^) is com- 
parable to the lHuang et all (|2007f ) luminosity (2.9 x 10^ 
Lq Mpc~^) density below 10^ Lq indicating that 8.0 /im 
and Ha selection recover the same 8.0 luminosity 
density, when their respective selection limits are taken 
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Fig. 11. — Luminosity function for our sources (filled circles) 
and for a complet e 8.0 fim selected sample in the Bootes field 
IIHuang et al.l [20071. open squares). The black points are the full 
8.0 fivn luminosity function while the red points show the stellar 
continuum subtracted values. These two sets of points have been 
artificially offset (stellar subtracted numbers to left) so that they 
are both visible since in most cases they lie on top of one another. 

into account. 

The fraction of the total 8.0 fim luminosity density that 
comes from star-forming dwarf galaxies is derived from 
the integration of the luminosity function. We find the 
luminosity density to be 3.1 x 10^ Lq Mpc""^ or 2.9 x 
10^ Lq Mpc~^ if we use the stellar continuum subtracted 
values. This number is in contrast to the luminosity den- 
sity derived for all galaxies in the Bootes field of 2.8 x 
10^ Lq Mpc-3 or 2.3 x lO"^ Lq Mpc'^ i f stellar con- 
tinuu m subtracted values are considered (jHuang et al.l 
I2007D . The relationship between these SFRD (SFRD) 
values indicates that star-forming dwarf galaxies con- 
tribute ^12% of the 8.0 /im luminosity in the local uni- 
verse which is comparable to the fraction of the Ha lu- 
minosity density that they contribute. 

4. SUMMARY 

We have presented Spitzer/IRAC observations of 86 
star-forming dwarf galaxies selected from the KISS op- 
tical objective prism survey. We build on the previous 
study of a much smaller number (19) of these galaxies 
(Paper I) to increase our understanding of the infrared 
emission from low-luminosity, low-mctallicity galaxies. 
In addition we make use of the statistically complete na- 
ture of this sample to examine the luminosity function 
and luminosity density of these galaxies at 8.0 /im. 

Overall the dust emission in these galaxies is clearly 
afi'ected by both the metallicity and the SFR. We see 
much better correlations with the 8.0 fim luminosity than 
we do with the [3.6] — [8.0] color, especially in the case 
of the SFR. Nevertheless, there are correlations between 
the [3.6] — [8.0] color and both luminosity and metallicity 
(and to a much lesser extent SFR) than was evident from 
the sample of 19 galaxies. More specifically we find the 
following. 

• The median 8.0 /im luminosity in the sample is 
0.004L* while the median value at i3-band and 3.6 
/im is 0.06L*. This lower luminosity with respect 
to L* at 8.0 /im implies that there is a deficit of 
hot dust and PAH emission in these galaxies with 
respect to the majority of galaxies. 
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• As we found previously with the smaller sample, 
star-forming dwarf galaxies have much bluer than 
average optical colors and span a wide range of in- 
frared colors. In [3.6] — [8.0], the galaxies range 
from very red objects to the colors of early type 
galaxies. The fraction of very red star-forming 
dwarf galaxies is almost 4 times higher than it is 
for SDWFS galaxies with similar optical colors. 

• The larger sample investigated in this paper indi- 
cates that the [3.6] — [8.0] color is correlated with 
luminosity, metallicity, and to a much lesser extent 
SFR. These relationships were not evident with the 
smaller sample presented in Paper I. 

• The luminosity-metallicity relationship for star- 
forming dwarf galaxies has a shallower slope than 
what is found for the full KISS sample, consistent 
with the low-luminosity slope of the SDSS relation- 
ship. The change in the slope of this relation with 
luminosity may indicate either a floor in the metal- 
licity of galaxies or differences in the astrophysical 
processes (e.g., outflows versus closed-box enrich- 
ment) that govern this relationship. 

• The relationship between luminosity, particularly 
at 8.0 iim, and SFR indicates that the 8.0 fj.m lu- 
minosity is another probe of the SFR in galaxies 
despite the fact that the [3.6] — [8.0] color shows 
a much stronger correlation with metallicity than 
with SFR. While there is a small correlation be- 
tween the [3.6] — [8.0] color and the SFR, there is 
no apparent correlation when we consider the rela- 
tionship between color and speciflc SFR. 

• The consistency between the 8.0 /im luminosity 
function and density derived indicates that below 
10^ Lq, nearly all the 8.0 fim luminosity density 
comes from dwarf galaxies that exhibit strong Ha 
emission - i.e., 8.0 fim and Hq selection identify 
similar galaxy populations. These galaxies span a 
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similar range of SFRs and have similar space den- 
sities. 

• The 8.0 /im luminosity is, on average, a good indi- 
cator of SFR in these dwarf systems as measured 
by the comparison of the SFRD computed from the 
8.0 iJ,m and Ha emission. This is despite the deflcit 
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